The aim of the present study was to investigate the pathogenesis of metastatic prostate carcinoma, to find the metabolic pathways changed in the disease and to screen out the potential therapeutic drugs. GSE38241 was downloaded from Gene Expression Omnibus; the Geoquery package was applied to preprocessed expression profiling, and the differentially-expressed genes (DEGs) were selected with limma (linear regression model packages). Next, WikiPathways cluster analysis was performed for DEGs on a Gene Set Analysis Toolkit V2 platform, and DEGs with hypergeometric algorithms were calculated through gene set enrichment analysis. A total of 1,126 DEGs were identified between the normal prostate and metastatic prostate carcinoma. In addition, KPNA4, SYT1, PLCB1, SPRED1, MBNL2, RNF165, MEF2C, MBNL1, ZFP36L1 and CELF2, were found to be likely to play significant roles in the process of metastatic prostate carcinoma. The small molecules STOCK1N-35874 and 5182598 could simulate the state of normal cells well, while the small molecules MS-275 and quinostatin could simulate the state of metastatic prostate carcinoma cells. In conclusions, the small molecules STOCK1N-35874 and 5182598 were identified to be good potential therapeutic drugs for the treatment of metastatic prostate carcinoma, while the two small molecules MS-275 and quinostatin could cause metastatic prostate carcinoma.
Introduction
Prostate cancer is the most commonly occurring malignancy in men in developed Western countries, and is the second highest cause of cancer-associated mortality following lung tumors (1) . Prostate cancer is associated with urinary dysfunction, which could cause pain, difficulty in urinating and problems during sexual intercourse (2) . The cancer cells are able to use the lymphatic system or bloodstream to travel to other regions of the body (3) . However, in practice, the majority of cases of metastatic prostate carcinoma occur in the lymph nodes and the bones (4) . It is unknown which regulatory mechanisms cause this transition, and thus far, no effective androgen-independent prostate cancer therapies have been developed (5) .
Metastatic prostate carcinoma is classified as an adenocarcinoma, so there have been a number of studies on its pathogenesis. Numerous different genes, such as BRCA1 and BRCA2, have been implicated in metastatic prostate carcinoma (6) . Yoshida et al found that BRCA1 and BRCA2 is a cancer precursor that can substantially affect the invasion of prostate cancer cells (7) . Lee et al suggested that the PI3k/Akt signaling cascade is important for the migration of tumor cells. PI3K pathway activation by Src is known to result in increased cell survival. PI3K is a key regulator of the turnover of focal adhesion, and is essential for increasing the migration of cells (8) . Senapati et al considered that during cell migration, when a cell moves forward and withdraws its rear edge, focal adhesions are disassembled at this edge. Macrophage inhibitory cytokine-1 (MIC-1) decreases the level of proliferation, invasion and migration in prostate cancer cells (9) . The partial degradation of the extracellular matrix is required in prostate cancer invasion, which is an obligatory step in metastasis (10) .
In order to investigate the pathogenesis of metastatic prostate carcinoma in the present study, a biological microarray was used to analyze the expression profiling and differentially-expressed genes (DEGs) of metastatic prostate carcinoma and normal prostate cells. In addition, bioinformatics methods were applied to find all metabolic and non-metabolic pathways changed in the prostate metastasis cancer cells, and to investigate the small molecule drugs restoring these pathways.
Geoquery (15) package can quickly obtain microarray expression profiling from the GEO database, and the limma (16) package can statistically analyze the DEGs; this is the most popular method. First, the already preprocessed expression profiling was obtained with the Geoquery package, and then log 2 transformation was performed. Finally the limma (linear regression model package) was applied to select the DEGs by differential comparison for the data of two groups.
Biological pathways analysis. In order to investigate the changes of metastatic prostate carcinoma at the molecular level, all metabolic and non-metabolic pathways were obtained from the public open access database, WikiPathways (17, 18) . The Gene Set Analysis Toolkit V2 platform was used to perform WikiPathways cluster analysis for the DEGs (19) to obtain signal pathways that were changed in the metastatic prostate carcinoma cells.
Extraction of potential microRNAs. Based on gene annotation data in the MSigDB database (20) , hypergeometric algorithms were used to calculate the DEGs through gene set enrichment analysis (GSEA). The Benjamini and Hochberg (BH) algorithm (21) was applied for correction, and finally, the potential microRNAs were identified.
Expression profiling of small molecules. The Connectivity Map (CMap) database stores the expression data of the whole genome-wide transcription of human cells treated with bioactive small molecules, including a total of 6,100 groups of small molecule interference experiments (small interfering groups and normal control groups) and 7,056 expression profiles (22) . The gene expression differences of normal prostate cells and prostate cancer cells were analyzed and compared with the DEGs caused by these small interfering expression genes, in order to attempt to identify small molecules similar or opposite to the expression difference of normal prostate cells. The DEGs of normal prostate cells and prostate cancer cells were divided into two categories, the upregulated genes and the downregulated genes, and a total of 500 most significant probes were selected respectively. The enrichment value was obtained through GSEA (23) and comparison with the DEGs was performed by small molecules in the CMAP database. The value ranged between -1 and 1, and the closer the value to 1, the more able the small molecules were to simulate the state of normal prostate cells; by contrast, the closer the value to -1, the more the small molecules were able to simulate the state of the prostate cancer cells.
Statistical analysis. Using limma package in R, the expression profiling of normal prostate cells and metastatic prostate carcinoma cells was analyzed with a t-test modified by the Bayesian model (24) . The corresponding P-value was calculated for all genes after the t-test, and the P-value was corrected with the BH algorithm. A P-value of <1x10 -8 was selected to indicate a significant threshold.
Results
Identification of DEGs. Following analysis of expression profiling, a total of 1,126 DEGs were identified, including 880 known genes (Table I) .
Bio-pathways changed in metastatic prostate carcinoma. In order to investigate the bio-pathway internal changes in metastatic prostate carcinoma cells, WikiPathways sub-pathway enrichment analysis was performed for the DEGs. The pathways with a P-value of <0.0001, and at least two genes in the pathway were selected as the significantly changed pathways (Table II) .
Extraction of potential microRNAs. There are two methods for regulating gene translation, one is using the transcriptional level and the other is the regulation of the stability of RNA by microRNAs to regulate gene expression. So the analysis of potential microRNA regulation was also of particular importance in the present study, and the potential microRNAs were shown in Table III .
Combined with the potential microRNAs and DEGs, a microRNA-gene regulatory network was constructed (Fig. 1) .
The DEGs subjected to more microRNAs in metastatic prostate carcinoma may play more important roles. Therefore, The corresponding gene symbol for each probe ID was obtained from the GPL4133 files of the dataset GSE38241. a Probe not mapped to gene. adj.P.Val, adjusted P-value; FC, fold change. the DEGs regulated by ≥8 microRNAs were screened out to construct a secondary regulatory network (Fig. 2) .
Extraction of small effected molecules. The ultimate goal of the present study was to provide aid in the treatment of metastatic prostate carcinoma, and one of the methods used to do this was to investigate the possible small molecule drugs for treatment of prostate metastatic carcinoma. The expressional difference between normal prostate cells and metastatic prostate carcinoma cells was analyzed, and then compared with the DEGs affected by small molecules, hoping to find the small molecule similar or opposite to the gene in the metastatic prostate carcinoma cells or normal cells. The 20 small molecules with the strongest correlation (P-value as minimum) are shown in Table IV . As shown in Table V , the small molecules STOCK1N-35874 (enrichment, 0.989) and 5182598 (enrichment, 0.979) were able to simulate the state of the normal cells, indicating that these two small molecules were good potential therapeutic drugs for the treatment of metastatic prostate carcinoma. Meanwhile, the small molecules MS-275 (enrichment, -0.988) and quinostatin (enrichment, -0.965) could simulate the state of the metastatic prostate carcinoma cells, indicating that these two small molecules could cause metastatic prostate carcinoma.
Discussion
Prostate cancer is a malignancy that can occur in the prostate tissue of men. As of 2011, prostate cancer is the second most commonly diagnosed cancer and the sixth leading cause of cancer-associated mortality in men worldwide (25) . The incidence of prostate cancer has clear geographical and ethnic differences. In Europe and other developed countries and regions, it is the most common male cancer, while in the USA, it is the second leading cause of cancer-associated mortality in men following lung cancer. In Asia, the incidence of prostate cancer is lower compared with Western countries, but this level has shown a rapidly increasing trend in recent years (26) . Additionally, the cancer cells may metastasize from the prostate to other regions of the body, which can cause more harm. Therefore, it is of great significance for human health to study the pathogenesis of metastatic prostate carcinoma. The original study on GSE38241 data mainly studied and discussed the DNA modification in metastatic prostate carcinoma, however the present study focused on the gene expression of the disease. A total of 1,126 DEGs and a number of significantly changed biological pathways were identified. In addition, KPNA4, SYT1, PLCB1, SPRED1, MBNL2, RNF165, MEF2C, MBNL1, ZFP36L1 and CELF2 were found to be likely to play significant roles in the process of metastatic prostate carcinoma, according to their functions. Finally the small molecules STOCK1N-35874 and 5182598 were identified as good potential therapeutic drugs for the treatment of metastatic prostate carcinoma, while the two small molecules MS-275 and quinostatin could cause metastatic prostate carcinoma. WikiPathways pathway clustering showed that the changes in a series of important signaling pathways in metastatic prostate carcinoma result in the changes of surface binding and cell morphogenesis in the disease, causing the easy migration of cancer cells in the body. Certain changes in surface binding, including focal adhesion, epithelium TarBase and the integrin-mediated cell adhesion pathway, can promote prostate cancer cells to more easily separate from the lesion and thus transfer to another region of the body (11) . Certain changes in muscle cell TarBase, miRNAs in muscle cell differentiation, myometrial relaxation and contraction pathways mean that metastatic cells may be biased to muscle cell differentiation, causing a stronger ability to move. Certain signaling pathway changes, such as changes in the advanced glycation end products (AGE)-receptor for AGE pathway, the androgen receptor signaling pathway, the transforming growth factor β signaling pathway and the nuclear receptors pathway, can result in the changes of downstream genes. The angiogenesis pathway is likely to provide convenience for the transfer of cancer cells, while adipogenesis is associated with energy regulation (27, 28) . The changes to the lymphocyte TarBase aid the migrated cells in escaping immune attack (29) . It is notable that metastatic prostate carcinoma not only damages the prostate cells, but also damages the other organs in the body and causes a series of complications, such as skeletal abnormalities.
In addition, as a large number of DEGs in metastatic prostate carcinoma may have the same transcription factor targets and microRNA regulation targets, these loci may play significant roles in the regulation of gene expression. Among these genes, MBNL1, MBNL2 and CELF2 regulate the alternative splicing of genes (30) (31) (32) , KPNA4 is a localization signal protein in the cytoplasm (33) , and ZFP36L1 is an important transcription factor response to growth factors (34) . SYT1 is a Ca 2+ signaling reception protein in the cytoplasmic membrane (35) , PLCB1 catalyzes phosphatidylinositol-4,5-bisphosphate to inositol-1,4,5-trisphosphate and diacylglycerol (36) , and SPRED1 regulates intracellular signaling pathway mitogen-activated protein kinase activation (37) . RNF165 and MEF2C regulate cell movement (38) . These genes are all likely to play important roles in the process of metastatic prostate carcinoma according to their functions.
Based on CMap database, a series of small molecules was obtained in the present study. STOCK1N-35874 is a cytotoxic quinoline alkaloid that inhibits the DNA enzyme topoisomerase, which is isolated from the bark and stem of Camptotheca acuminata (39) . STOCK1N-35874 showed marked anticancer activity in preliminary clinical trials, and its analogues have been used in cancer chemotherapy (40, 41) . 5182598 is considered to be an important anticancer drug from the group of benzylisoquinoline alkaloids (42) . These two small molecules are able to repair the damaged metabolic pathways in metastatic prostate carcinoma, and are good potential therapeutic drugs for the treatment of metastatic prostate carcinoma.
